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ightit•rg capabilities-.. The following- recommendations are considered
applieable:

1. Design the future LVA to incorporate waterborne stability and ride
quality characteristics equivalent to FSHV capabilities.

2., Incorporate the- following habitability provisions aboard the future
LVA:

a. Install noise and thermal insulation in bulkheads equivalent
or superior to that in the FSHV.

b. If feasible, reduce heat discomfort by controlling the humidity

level in occupant spaces.

c. Divert exhaust fumes away from ventilation intake openings.

d. Provide a closed loop ventilation system as protection against
chemical, biological, and radiological warfare hazards.
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FOREWORD

This effort was accomplished in support of the David W. Taylor Naval
Ship Research and Development Center (DTNSRDC) under reimbursable Work Request

N00167-78-WR80199. The study investigated possible detrimental effects of

high speed landings aboard a simulated Landing Vehicle Assault (LVA) on the

performance of Marine infantrymen. The results provide a basis for DSARC I

approval of LVA ride suitability for delivering Marines to battle positions
without degrading their fighting capabilities.

A major field test effort such as that involving the LVA Full-Scale Hydro-

dynamic Vehicle (FSHV) cannot succeed without the cooperative support of many

organizations. Special appreciation is extended to personnel of the Amphibian

Vehicle Test Branch, Camp Pendleton, for their dedicated test coordination

and logistic support that contributed greatly to the success of this project.

The sustained high-level performance of volunteer test subjects from the

3rd Battalion, 5th Marine Regiment, Camp Pendleton, has been acknowledged

in a separate letter of appreciation. Personnel of the Navy Environmental and

Preventive Medicine Unit No. 5, San Diego, were particularly helpful in assess-

ing the adequacy of FSHV environmental health provisions. Finally,

Mr. Rene De Loach, the test vehicle driver furnished by Kettenburg Marine

Company under DTNSRDC contract, served an indispensable function in safely

piloting the experimental FSHV under variable sea state and speed ccnditions

during the test period.

DONALD F. PARKER
Commanding Officer
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-An- advanc ed -Landing Vohicle- Assau)1 t -(LVA) is be-inn deve lopod VýA the Naval
Sea: -Systems ComW&*r1 (NANSEA -3G0) and David W. Taylor -Naval Ship k.ah
-and Developmet Cen vter (PI'NSPOC Code 112) for Marine Corps use. - 'ollowing

lauchig fom ve-the-horizon amphibious. force ships, the LVJ viii1 transnort
troops a-t relatively high spoked (25 mph or more) to beach or inland combat

sp*s otios. The LVA will eventually -replace the existing, 'iuuchlo r L P-7,
The -zasolution of uncertainty concerniing possibla detrimtental ef fects of-
high sapaed lar-ddigs on troop performance 'has been identifiled as a critical
m~lestone -in the LVA development process. A Full-Scale Hydrodyn~amic Vehitle
(tS10): hat. been constructed with size,, weight,, and so-ed cbaracrtoristics
corr~spondiaR to projected- requirements for a future- LVA of planing hull
-type. The currdat. test effort coweared troop performiuxce in landings aboard

teexperinna -ihsedP1 ihthat in conturrent landings aboard
the LXAtTtk7.,

- n'

Zhe LVA -is being d-veloped -in response to updated Required Operational
-Capability (Roe) objectives promulgated by the Coommandant of the Marine Corps
In 1.ray]98 (MOA .03). The future LVA will carry 18 to 20-troopos
-Cmndidate vehicle configurations under consideration for the future ~piiu

mis-sion icueboth- -planing- hull And Air cushiontps ntalepai a
-been- placed -on verifying planing hull operational feasibility-*

of e test~ reotedha ein w s-dnd t emntrate that the performance
of-toop ladin abord hih seoe lanng ullvehicle, such as the LVA/FSIIV

-after-a 1-hour open-ocean transit will equal or exceed that-of troops landing
-bad the existing LVTP-7 after a 30-mainute transit. The -variation in transit

time reflects -the y~pical -scavario applicable to each vehicle. The require
a - nt_ for equal or better perfoniuance -by PSW1 troops even though waterborne
-time wag doubled placed a heavy burden upwt the experitwntal vehicle in detonstrat-
ing -acceptable-ride quality habitstbility This wast con idered to bea ealist6
and-ichievable requirement.

Airoach

ZZ -The LVA/PSIIV test -plan provided for _quantitative atid qualitative evaluation
of eperimeental-vehicle ride effects. The qualitative data were gathered by
-dadinistering A ride quality questionnaire near the end of test operations,
after paIrticipat -'(18 Marine infantrymen) had gained experience in landings
-iider a variety of condit~ions. The Marines were asked to assess ride ac-

__ ceptability n~xd to ompare the WVI)V ride-with that of the L'VT?1-7* noting
Any PArticulVarly liked or disliked features.

Quantitative data -consisted of scores cieved nts ak olwn

l-indinjok aboard- the- JSHV and 'LVTPý-7 The tasks we-re representative of-Marine
-activities normnally~ associated with-beach landing operations. Combat troops

F utn bet move qucl n ieacrtely after transit through in-
ahore wtr.Time expended- and problems encountered in traN~rsing an obstacle
orate following- landing wVere recorded for each test subject. Firing accuracy
fofovng-the esale Course run -As lso evaluated4  The test facilities were

located -n-eat the ESIP1 and- LVTP-7 landing positions a t Cam i'endleton.



Vehicle trials were planned to ensure that each squad of test subiccts
would be deployed aboard the SISHV for at least two landings at 25, 30, and
35 moh. Concurrent LVTP-7 operations were conducted, with squads rotating
between the two vehicles. Test data were initially examined by tabulating
obstacle course and rifle firing mean scores for each trial. Statistical
tests of the data employed analyses of variance (ANOVA) to determine whether
observed differences in performance were statistically significant or at-
tributable to chance variations.

Conclusions

1. There was less than 5 percent variation in the mean performance level
of troops landing aboard the FSHV and LVTP-7. In most cases, the performance
of troops landing aboard the FSHV was better than that of troops landing
aboard the LVTP-7, although the difference was not statistically significant.

2. The FSHV ride was indicated as "satisfactory" by two-thirds of the test
subjects. The remaining one-third considered the ride to be "fair." None of
the subjects judged the ride as "poor."

3. Seventy-two percent of the participants considered the low noise

level within the FSHV troop compartment to be advantageous. This avoided
the use of ear plugs and facilitated verbal communications between troops
while underway.

4. The most disliked feature of the FSHV troop compartment was the heat
discomfort reported by 94 percent of the troops, although measut r, temperature
did not exceed 900 F. It is likely that high relative humidity ý ypically
80%) while underway contributed to this perception of heat.

Recommendations

1. Design the future LVA to incorporate waterborne stability and ride

quality characteristics equivalent to FSHV capabilities.

2. Incorporate the following habitability provisions aboard the future
LVA:

a. Install noise and thermal insulation in bulkheads equivalent
ot superior to that in the FSHV.

b. If feasible, reduce heat discomfort by controlling the humidity

level in troop spaces.

c. Divert exhaust fumes away from ventilation intake openings.

d. Provide a closed loop ventilation system as protection against

chemical, biological, and radiological warfare hazards.
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INTRODUCTION

Problem

An advanced Landing Vehicle Assault (LVA) is being developed by the Naval
Sea Systems Command (NAVSEA 03GB) and David W. Taylor Naval Ship Research
and Development Center (DTNSRDC Code 112) for Marine Corps use. Following
launching from over-the-horizon amphibious ships, the LVA will transport
troops at relatively high speed (25 mph or more) to beach or inland combat
positions. The LVA will eventually replace the existing, much slower LVTP-7.
The resolution of uncertainty concerning possible detrimental effects of
high speed landings on troop performance has been identified as a critical
milestone in the LVA development process.

Purpose

This report presents the results of test operations conducted at Camp
Pendleton during June through August 1978 for evaluation of experimental high
speed landing vehicle motion effects on the performance of Marine infantrymen.
A Full-Scale Hydrodynamic Vehicle (FSHV) was used with size, weight, and speed
characteristics corresponding to projected requirements for a future Landing
Vehicle Assault (LVA) of planing hull type. The objective was to compare troop
performance in landings aboard the experimental high speed FSHV with that
in concurrent landings aboard the LVTP-7.

Background

The LVA development effort, including initial feasibility test requirements,
is described in various working papers and planning documents (principal reference
documents are listed on pages 25 to 27). Material from these sources is summarized4 herein where appropriate to provide background information.

The LVA is being developed in response to an updated Required Operational
Capability (ROC)-MOB 1.05-promulgated by the Commandant of the Marine Corps
in February 1978 (Note 1). Future amphibious landings will be initiated
at greater distance offshore for protection against long-range weapons fire
during launching and form-up phases. The LVA will provide this capability.
Survivability will be enhanced by improvements in speed, protective armor,
and integral offensive firepower. Provisions will be made for protection
against chemical, biological, and radiological hazards to the extent feasible
with systems available during development. Initial field introduction is
planned for FY 1989, although earlier availability is desirable (Note 1).
Candidate vehicle configurations under consideration for this amphibious
mission include both planing hull and air cushion types. Initial emphasis
has been placed on verifying planing hull operational feasibility.

The planing hull FSHV is illustrated in Figure 1. Troop carrying capacity
is limited to nine men in the experimental vehicle in order to accommodate
commercially available Detroit Diesel engines (four 8V-71TI units), test in-
"strumentation, and observers. A capacity for land operations is not provided,
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since this would increase experimental hull complexity and raise costs
unnecessarily. Hull dimensions are limited by the eventual number of troops
to be transported (18 to 22 in each vehicle) and the need for size com-
patibility with amphibious ships' well deck storage space. (Each vehicle
is limited to an 11-foot width, an 11-foot height, and a 33-foot length for
effective use of available space.)

The LVA/FSHV project is under the technical management of DTNSRDC
Code 112. The FSHV was constructed under a competitive contract awarded
to Monark Boat Company, Monticello, Arkansas. Initial trials to verify
vehicle operational teadiness, safety, and test procedures were supervised by
DTNSRDC. Responsibility for on-site direction of test operations was sub-
sequently assigned to the Amphibian Vehicle Test Branch (AVTB), Marine Corps
Tactical Systems Support Activity, Camp Pendleton, effective I June 1978
(Note 2). Troop performance tests were conducted by the Navy Personnel
Research and Development Center (NAVPERSRANDCEN), San Diego, with the par-
ti'iipation of AVTB. Volunteer Marine infantry test subjects were made avail-
able by the 3rd Battalion, 5th Marines Regiment at Camp Pendleton. Test
participants are further identified in Appendix A.

3
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TEST PROCEDURES

Approach

The test reported herein was designed to demonstrate that the performance
of troops landing aboard a high speed planing hull vehicle such as the LVA/
FSHV after a 1-hour open-ocean transit will equal or exceed that of troops
landing aboard the LVTP-7 after a 30-minute transit. This difference in
transit times reflects the expected mission scenario of each vehicle. The
requirement for equal or better performance by FSHV troops even though water-
borne time was doubled placed a heavy burden upon the experimental vehicle
in demonstrating acceptable ride quality and habitability. This was con-
sidered to be a realistic and achievable requirement.

As part of the LVA/FSHV design process, special attention was directed
to potential habitability problems (noise, ventilation, temperature, and
air quality). These conditions were measured prior to the start of landing
trials and found to be in compliance with MIL-STD-1472B.

Test subjects participated in orientation training and practice in perform-
ing test tasks prior to commencement of landing trials. Initial testing
established individual baseline scores. Subsequent performance after landing
aboard the FSHV was then compared with baseline and LVTP-7 landing scores.
The LVTP-7 has been in use for several years, and the performance level of
troops after landing has generally been acceptable. This performance level
thus provided a convenient yardstick for assessing the adequacy of scores
attained in experimental vehicle trials.

The FSHV master test plan (Note 3) was prepared by DTNSRDC, specifying
vehicle acceptance and shakedown tests and personnel tests proposed by
NAVPERSRANDCEN (Stinson, 1977). Test procedures were further specified in
the updated plan prepared by AVTB (Note 4).

Test subjects were 18 Marine infantrymen with at least I year of service
experience and Class 2 swimmer qualifications. Subjects were equipped with
flak jackets, life jackets (Mae West type), and helmets. Two rifle squads
were formed, with a Squad Leader (Cpl) and eight Riflemen in each squad.
An NCO (Sgt) was assigned as Platoon Leader (not a test subject) and assisted
in supervising rifle range operations.

Performance Test Tasks

The tasks selected for performance testing are representative of Marine
activities normally associated with beach landing operations. Combat troops
must be able to move quickly and fire accurately after transit through in-
shore waters. Time expended and problems encountered in traversing an obstacle
course following landing were recorded for each test subject. Firing accuracy
following the obstacle course run was also evaluated.

Test facilities were located near the FSHV and LVTP-7 landing positions.
Transportation to a remote firing area was not considered feasible inasmuch
as the eftects of waterborne transit could have been changed by further land
travel.

5 PQ V



The obstacle course started at a point about 700 feet from the FSHV
and LVTP-7 landing positions. The course was 300 feet long. There were
two parallel lanes, with five pairs of obstacles located at intervals along
the lanes as illustrated in Figure 2. The obstacles included a 6-foot
vertical wall, cargo net ladder (12-foot height), horizontal balance beams,
staggered tires, and inclined balance beams. The course was intended to test
balance, agility, and coordination.

Rifle firing was accomplished at the Army Reserve's indoor range located
1240 feet beyond the obstacle course. Precision air rifles with verified
accuracy were used to fire .177 and .22 caliber pellets at bullseye targets
as shown in Figure 3. Nine firing stations were set up to accommodate
simultaneously all test subjects within a squad. Subjects simultaneously
fired 10 rounds, first sitting and then standing, within 2 minutes in each
case. Targets were 25 feet from the firing line. Preliminary testing showed
that Marines needed considerable practice to achieve a reasonably high score
when firing at this distance.

Deployment Scenario

Prior to getting underway, both vehicles were stationed at the Del Mar
boat basin, Camp Pendleton. The FSHV tied up at a pier to load or unload
troops while the LVTP-7 used a-designated beach site.

Transit between loading or unloading points and the open ocean involved
about 5 -minutes for each vehicle. Open-ocean operations were conducted in
an area extending about 5 miles beyond the harbor breakwater. A waverider
buoy in the maneuvering area measured sea state during operations. The re-
quired maneuvers provided adequate wave variety (head, bow, beam, quartering,
and following seas). Total time underway was 40 minutes for the LVTP-7 and
70 minutes for the FSHV.

Evaluation Phases

Evaluation phases were beginning baseline, LVTP-7 and FSHV landing cycles,
and termination baseline, with objectives as outlined below.

Baseline Before Running (BBR)

Baseline performance level was measured with the troops fully rested
L prior to deployment aboard vehicles. No running was required between test

positions.

Baseline After Running _

Baseline performance level after running between vehicle landing
sites and test positions (obstacle course and rifle range) was measured prior
to deployment.

LVTP-7 and FSHV Landing Cycles (P7L/HVL)

Performance level was measured after open-ocean deployment (30 minutes
for LVTP-7 and 1 hour for FSHV). Speed of FSHV was specified as 25, 30,
or 35 mph for runs under specified sea state conditions. Concurrent LVTP-7
operations were conducted at 7 mph.

6
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NN
Posttest Before Running (PBR)

Performance level was measured with troops fully rested after
termination of vehicle trials. No running was required between test
positions.

Posttest After Running (PAR)

Performance level was measured after the troops had run between
vehicle landing sites and test positions (obstacle course and rifle range)
following termination of vehicle trials.

Vehicle trials were planned to ensure chat each squad would be deployed
aboard the FSHV for at least two runs at 25, 30, and 35 mph under specified
sea state conditions of greatest concern. The "worst case" sea state for
operations at full speed was defined in ROC documentation as involving swells
at 5.5 feet significant height (average of highest one-third) with 11 seconds
period combined with wind-generated waves of 2.2 feet significant height
(sea state 2 based on the PIerson-Moskowitz wave spectrum). One run per
squad was planned for other less severe sea state conditions as shown in
Table 1 below.

It was found that test facilities and personnel could be employed most
efficiently by conducting vehicle runs whenever observation of sea state
indicated that operations could be conducted safely. Waverider buoy measure-
ments were concurrently recorded on magnetic tape for subsequent power spectrum
analysis (computer-assisted) to determine precisely sea state con4itions.
Wave amplitude data were recorded as a time history trace on a strip chart.

The strip chart data cannot readily he converted into separate components
differentiating wind-driven waves superimposed on ocean swells. The coibinAsion
power spectrum may provide a more practical and useful indication of sea state
conditions. Preliminary data from DTNSRDC indicate that significant wave height
during the test period ranged from 0.64 meters (2.10 feet) to 1.36 meters (4.46
feet), with a mean of 0.95 meters (3.12 feet). The period between maximum energy
peaks ranged from 8.5 to 17.1 seconds, with a mean of 13.6 seconds.

Trials were arranged in phases corresponding to FSHV speed increments,
starting with 10 runs at the medium high speed of 30 mph, followed by 10
runs at 25 mph and 5 runs at 35 mph for an overall total of 25 runs. An
additional 6 runs were started, but various difficulties precluded success-
ful completion.

Safety

The FSHV was operated under the control of a highly qualified civilian test
driver furnished by Kettenburg Marine Company, San Diego, through DTNSRDC.
B-ickup Marine Corps drivers (MGySgt/SSgt) were assigned to the alternate
Sdriver position with access to dual driver controls. It was found that Marine
Corps drivers could safely operate the vehicle after brief on-site training.
At times, both primary and alternate driver duties were handled by the Marine
Corps drivers under civilian test driver supervision (Pilot House observer
position). A rescue safety boat was in the area of operations during all under-
way operations. Radio contact was maintained btetween underway units and
the project control center ashore.

9



Table 1

Planned Deployment Conditions for FSHV Trialsa

Ocean Swell Wind Wave Speed (mph)
Significant Significant
Height (ft) Height (ft) 25 30 35

0- 1.9 0- 1.5 0 0 0
1.5- 3.0 0 0 0

2.0 - 2.9 0 - 1.5 0 0 0
1.5- 3.0 0 1 1

3.0 - 3.9 0 - 1.5 0 0 0
1.5 - 3.0 0 1 1

4.0 -4.9 0 - 1.5 0 1 1
1.5 - 3.0 0 1 1

5.0 - 5.9 0 -1.5 0 1 1
1.5 -3.0 2 2 2

aExtracted from: LVA full scale hydrodynamic vehicle (FSHV) ride quality

demonstration plan. Camp Pendleton, California: Amphibian Vehicle Test Branch,
25 May 1978. Completion of at least two "worst case" runs planned for each
squad of test subjects. Other runs optional-dependent upon availability of
desired sea state conditions during test period.

10
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Test subjects were briefed concerning proper handling of air rifles
and the need to wear life jackets aboard test vehicles. Ear plugs
were worn aboard the LVTP-7. The noise level aboard the FSHV was found to
be well controlled by soundproofing in compartment bulkheads, eliminating
the need for hearing protectors. Air pollutants (carbon monoxide, nitrogen
dioxide, and carbon dioxide) were found to be within allowable limits aboard
both vehicles.

A Hospital Corpsman was aboard the FSHV for observation and treatment
of embarked troops. Follow-up dispensary and hospital treatment was available,
and troops were examined before and after test operations to verify physical
fitness.

Approval for Use of Human Subjects

Under guidance established by SECNAVINST 3900.39A. proposed experiments
involving the use of Navy or Marine Corps personnel must be approved by a
Committee for the Protection of Human Subjects (CPHS). Upon CPHS approval,
further endorsement by the Chief, Bureau of Medicine and Surgery is required.
The FSHV test protocol was approved by the Naal Regional Medical Center, San
Diego in July 1977 and further approved by BUMED in August 1977 (Note 5; Note
6).

Risks associatei with FSHV underway operations were reduced as the result
of model basin tests at DTNSRDC and Stevens Institute of Technology (Davidson
Laboratory), Hoboker, New Jersey, that determined vehicle waterborne stability.
Safe ride charactceristics were further demonstrated in vehicle acceptance
and shakedown trials prior to embarkation of test subjects. This pretest
safety validation, together with protective measures prescribed for trials,
provided a high level of confidence that test operations would not cause
injury to human subjects.

Information was provided to potential participants concerning t-est objectives,
procedures, and possible risks prior to obtaining their consent. The voluntary
nature of the project was emphasized, including the right of subjects to with-
draw from the experiment at any time without consequence.

Ride Quality Questionnaire

In addition to quantitative evaluation of performance scores, the test
provided for qualitative assessment of ride acceptability using the question-
naire shown in Appendix B. Results are provided in Appendix C.

Subjects were asked to compare the FSHV ride with that of the LVTP-7 and
to note characteristics particularly liked or disliked. Subjects were also
asked to identify possible improvements that should be incorpo-rated in the
future LVA. The questionnaire requested background information concerning
the number of amphibious landings made by test subjects in the past and any
motion sickness problems previously experienced. The questionnaire was
administered near the end of test operations, after each subject had par-
ticipated in at least 12 landings aboard the rSTIV and LVTP-7.

i1
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Scoring Procedures

Obstacle Course

The measures of interest consisted of time to run the course ard
number of observed errors. Possible errors consisted of falls, failure to etep
in tire holes, ruwning outside marked lanes, and failure to go over or through
an obstacle.

Upon running from vehicle landing positions to the obstac-le course,
subjects assembled in numerical sequence aud started through the course at
15-second intervals (initiated automatically by electronic signall. A semi-
automatic timer was activated by a test observer as each subject started

and was deactivated by push button control as each subject reached 1the finish
line, providing a printed paper-tape log of elapsed times. The sequence
in which subjects started at the obstacle course was reversed after each
trial. Assignments to left-hand or right-hand running lanes were similarly
reversed after each trial.

Errors were noted by observers using hand-held voice tape recorders.
Television cameras were also used to record obstacle course operations on
video tape. This equipment provided a useful backup capability, permitting
reexamination of errors and run times.

Rifle Firing

Each test subject was assigned a specific rifle for use throughout
the test. Rifle firing measures consisted of ring score, miss distance,
hit group size, bearing (quadrant) of hit group center, and number of unfired
rounds. Scores were calculated separately for standing and sitting positions
prior to averaging to provide a combined value for each performance element.

The ring score was calculated manually, following normal marksmanship
scoring practice whereby a bullseye hit receives a value of 10 and hits in
other rings away from bullseye receive marks of 9, 8, 7, etc. Since there
were ten separate targets on each target sheet, scores from 0 to 100 were
theoretically possible.

The ring score provided a quick measure of firing accuracy useful

for immediate feedback. More precise determination of miss distance was
considered desirable, however, and this was accomplished by recording the
cartesian grid coordinates (x, y values) of each hit, facilitating use of
a computer for repetitive calculations. Thus, it was possible to establish
the centroid position of all hits combined on eaci- target sheet as the mean
of cumulative x and y values. This in turn permitted calculation of the
miss distance of each hit in relation to the centroid. The mean miss distance
from the centroid served as the radius of a circle in calculating group size.

The location of the hit group center provided the directional orientation
of all hits combined on each target sheet. Directional orientation was noted
in terms of the quadrant encompassing the hit group center. It was not considered
worthwhile to further calculate a consolidated directional orientation for com-
bined target sheets, since this would have no apparent relevance as a meaningful
indicator of group performance.

12



The number of unfired rounds was noted on evaluation sheets after each
2-minute firing period. Subjects seldom experienced any difficulty in discharg-I ing all rounds within the allowed time period. Similarly, errors at the obstacle

course were observed to occur at an extremely low rate. The observed frequency
of errors and unfired rounds eliminated these factors as useful indicators
of changes in group performance.

Gun sights were carefully adjusted and firmly sec:ired during pretrial
practice. Accuracy was checked periodically throughout the test period as
a precaution against changes in sighting due to firing and handling. Centroid
miss distance and group size measures were particularly useful indicators
of rifle firing performance. Such measures are essentially uraffected by
gun sight drift problems.

t



EVALUATION RESULTS

Analysis Approach

The LVA/FSHV test protocol provided for analysis of experimental vehicle
ride effects based on both qualitative and quantitative data (Note 7).
The qualitative data &re limited to the perceptions of test subjects as reflected
in a ride quality questionnaire.

The quantitative approach involved a series of comparative analyses to
determine the significance of differences in the performance of individuals
and the overall test group during the following test phases:

1. Baseline before running vs. baseline after running. 1
2. LVTP-7 landing cycles vs. FSHV landing cycles.
3. Posttest before running vs. posttest after running. 1

Statistical tests of the data employed analyses of variance (ANOVA) to
determine whether observed differences in performance were statistically
significant or attributable to chance variations. Tals involved comparison
of the mean difference in performance between groups under various test
conditions against the variability of individuals within each group. If
the performance variability of individuals within a group exceeds the mean
difference between groups in comparative tests, then it cannot be said that
there has been any real change in performance attributable to different
conditions existing in the test modes. The ANOVA evaluation was applied
to principal measures of performance at the obstacle course (run time) and
rifle range (ring score, centroid miss distance, and group size).

Test data were initially examined by tabulating obstacle course and rifle
firing mean scores for each phase of test operations. This facilitated the pre-
paration of tables and figures illustrating performance level changes associated
with the various test phases.

quantitative Results

Performance scores are tabulated for all trials (baseline, vehicle landings,
and posttest) in Appendix D and illustrated graphically in Figures 4 through 7.
There is less than 5 percent variation in the mean performance level of troops
landing aboard the different vehicles as shown by obstacle course run time,
rifle firing ring score, and rifle firing group size when summarized in test
phases corresponding to FSHV speed increments (25, 30, and 35 mph). The loca-
tion of rifle firing group center (centroid) in relation to target bullseye
shows greater variation (up to 15.4%). In most cases, troops landing aboard
the FSHV performed better than those landing aboard the LVTP-7.

IRunning between test facilities was performed at a standard doubletime
pace of 180 steps per minute starting at vehicle landing siteg (alternating
between beach and pier positions), proceeding to the obstacle course, and
terminating at the rifle range.
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Baseline and posttest scores indicate consistent changes in performance
throughout the test period. As would be expected, task performance before
running (RDR/PBR) is always slightly better than performance after running
(BAR/PAR) at comparable dates in the test schedule. Similarly, baseline and
posttest performance ashore (no vehicle deployment) were always better than
performance after deployment at comparable dates in the test schedule. The
difference in almost all cases is less than 10 percent.

It was anticipated that task proficiency would improve throughout the
tests. The analysis approach therefore required that performance comparisons
be arranged to evaluate trial phases occurring at approximately concurrent
times. This provided a balanced factorial design with independent variables
consisting of vehicle type (LVTP, FSIIV) and operational mode by trial sequence.
Thus, it was possible to perform a two-way analysis of variance to determine
significant vehicle and sequential mode or trial condition effects on troop
performance. Trial runs were evaluaced in blocks as data became available
throughout the test period. Using this approach, significant differences
in performance during any test phase would be indicated by ANOVA results
(F ratios) ±n excess of critical limits at the 0.05 level of significance.
The ANOVA ratios are tabulated in Appendix E.

The type of vehicle, whether FSHV or LVTP-7, had no significant effect
on obstacle course run time, rifle firing ring score, or rifle firing group
size during any of the test phases. There was an effect on the distance
of rifle firing group center (centroid) away from bullseye during one phase
of operations (runs 15, 16, 17, 18, 19, and 20), with consistently better
performance indicated for troops landing aboard the FSHY (mean miss distance
of 5.7 millimeters vs. 6.8 millimeters).

Relatively large variations in rifle firing ring score occurred during
LVTP-7 Trials 6, 7, 8, and 9, ranging from a minimum ring score of 57.8 for
Trial 9 to 68.4 for Trial 7 (10.6 points or 18.3Z). A lesser change was noted
for concurrent FSHV trials, ranging from 58.8 for Trial 7 to 65.4 for Trial 9
(6.6 points or 11.2%). These swings in performance level are reflected as a
significant interaction effect without evident explanation. The pattern of per-
formance changes is not consistently related to vehicle type.

Qua4itative Results

The ride quality questionnaire (Appendix B) was administered near the
end of test operations, after troops had gained considerable experience with
both the FSRV and LVTP-7. Results are tabulated in Appendix C and discussed
below.

Participant Background Information

The test group was comprised primarily of troops in Pay Grade E-3
(LCpl) with at least 2 years of service experience. All but two had pre-
viously participated in amphibious landings. Sixty-one percent indicated that
motion sickness had not been a problem in previous landings; 28 percent, that
it had caused them some minor discomfort; and 11 percent, moderate discomfort.

J 
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Ride Quality AssessmentL Test subjects were asked to assess vehicle ride adequacy based

on experience gained in underway trials (25 and 30 mph) conducted up to 25
July 1978. While this did not cover subsequent trials at 35 mph, the re-
sponses are considered applicable for the entire test period inasmuch as
remaining trials had no observable adverse effect on troop performance.

Feeling About Ride. Two-thirds of the test subjects considered the
FSHV ride satisfactory, and the remaining one-third considered it "fair."

Expected Combat Performance. Seventy-eight percent indicated that

& the predicted level of combat performance upon landing was satisfactory;
and 22 percent that it was "fair."

Comparison with LVTP-7. Seventy-seven percent indicated that the
FSHV ride was better than the LVTP-7 ride; 11 percent, that it was the same;
and 22 percent, that it was worse.

Disliked Features. Despite a generally favorable assessment of the
FSHV ride, certain features affecting ride comfoi were disliked. These
items should be considered for corrective action in the continuing LVA
development program.

Ninety-four percent of the test subjects considered the temperature
within the troop compartment to be excessive, although measurements indicated
mean dry bulb temperature of only 850 F, with a maximum of 90* F. Mean wet
bulb temperature of 78* F was recorded, indicating relative humidity of 80
percent. It is likely that high humidity contributed greatly to the feeling
of heat discomfort. Emphasis should be placed on controlling the humidity
level aboard the future LVA if practical.

Fifty-six percent of the participants indicated that vehicle slamming
and jerking contributed to discomfort during landing trials. This problem
might be alleviated by incorpordting automotive shock absorbers as part of
the support structure for benches in the troop compartment. Modifications
of this type were implemented at Driver and Alternate Driver seats during
the test and appeared to greatly reduce this problem.

Forty-four percent of the participants indicated concern about fumes
in the troop compartment, although measured levels of carbon monoxide (6 ppm),
nitrogen dioxide (0.6 ppm), and carbon dioxide (1,000 ppm) were far below
hazard limits. The odor of diesel fumes can be unpleasant and may contribute
to seasickness in some cases. It is difficult to arrange ventilation supply
openings that totally avoid intake of exhaust fumes, but intake of exhaust

_ fumes should be minimized by routing exhaust outlets away from ventilation
openings in the future LVA.

Liked Features. Soundproofing was placed in bulkheads encompassing the
troop compartment during vehicle construction. S6,Lnty-two percent of the
participants considered the low noise level within the troop compartment
to be advantageous. This avoided the use of ear plugs and facilitated verbal

21
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communications between troops while underway. This technique was very success-

ful, resulting in a noise level of only 76 dBA at speeds up to 30 mph, in con-

trast with the LVTP-7 troop compartment noise level of up to 104 dBA at 7 mph.

Provisions for noise control should be included in design specifications for

rthe future LVA.

Suggestions for Future Landing Vehicle

Two-thirds of the troops suggested that better ventilation and cooling

should be provided for the future LVA. High capacity ventilation was incorporated

in the FSHV troop compartment, measuring 444 cfm/man. The perception of poor

ventilation may reflect a combination of high humidity, intake of diesel fumes,

and occasional electrical power failure (blower deactivatio.a). In any case,

the future LVA should incorporate a reliable, high capacity ventilation system

with dehumidifier provisions if feasible.

Fifty-six percent of the participants also suggested that more space

should be provided in the troop compartment of the future LVA. The FSHV pro-

vided slightly less space per man than the LVTP-7, reducing the space between

bench seats by 3 inches. In a crowded compartment (nine men seated in a

deck area of 5.5 feet width by 5.6 feet length), a change of 3 inches can

be noticeable to occupants. This space should be restored if possible in

the future LVA.

22



CONCLUSIONS

1. There was less than 5 percent variation in the mean performance level
of troops landing aboard the FSHV and LVTP-7 as shown by obstacle course run
time, rifle firing ring score, and rifle firing group size when summarized in
test phases corresponding to FSHV speed increments of 25, 30, and 35 mph. In
most cases, the performance of troops landing aboard the FSHV was better
than that of troops landing aboard the LVTP-7, although the difference was
not statistically significant.

2. The FSHV ride was indicated as "satisfactory" by two-thirds of the test
subjects. The remaining one-third considered the ride to be "fair." None of
the subjects judged the ride as "poor."

3. Seventy-two percent of the participants considered the low noise level
within the FSHV troop compartment to be advantageous. This avoided the use
of ear plugs and facilitated verbal communications between troops while
underway.

4. The most disliked feature of the PSHV troop compartment was the heat
discomfort reported by 94 percent of the troops, although measured temperature
did not exceed 900 F. It is likely that high relative humidity (typically
80%) while underway contributed to this perception of heat.

RECOMMENDATION4S

1. Design the future LVA to incorporate waterborne stability and ride
quality characteristics equivalent to FSRV capabilities.

2. Incorporate the following habitability provisions aboard the future
LVA:

a. Install noise and thermal insulation in bulkheads equivalent
or superior to that in the FSHV.

b. If feasible, reduce heat discomfo-t by controlling the humidity
level in troop spaces.

c. Divert exhaust fumes away from ventilation intake openings.

d. Provide a closed loop ventilation system as protection against
chemical, biological, and radiological warfare hazards.

2
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PRINCIPAL TEST PAR:'ICIPANTS

David W. Taylor Naval Ship Research and Development Center, Bethesda

Mr. David Halper, Code 112
Mr. Willftam B. Dixon, Code 1576
Mr. Alvin Gerstenzang, Code 1572

Marine Corps Development and Education Command, Quant~ico

CAPT J. Hawkins

Navy Personnel Research and Development Center, San Diego

Mr. William J. Stinson, Code P311
Mr. Benjamin B. Buclatin
Mr. Robert J. Harrigan
PNC Joseph M. Wojciechowski
ETl Gerald G. B3oykin

Navy Environmental and Preventive Medicine Unit No. 5. San Diego

LT Warren Pickerel
LT Gregory Winters

Amphibian Vehicle Test Branch, Camp Pendleton

MAJ A. D. Bailey
CAPT Donald B. Nelson
MGySgt Herbert A. Reagan
SSgt Felipe Salinas
Sgt R. £.Berry, Jr.

3rd Battalion. 5th Marines Regiment, CaMp Pendleton1

Sgt Donald W. Farnsworth
Cpl Billy R. Hill
Cpl Albert Villa
LCpl Ronald D. Balke
LCpl Kevin R. Barrett
LCpl Aaron D. Belle, III
LCpl Keith C. Bleichner
LCpl Jose Bocanegra
LCpl Bobby L. Cole
LCp1 Miles B. Craig
LCpl William R. Havens, Jr.

zUS LCpl Gary E. Maestas
HE LCpl Robert P. Martello

LCpl John E. McDowell
LCpl Manuel B3. Nanez, Jr.
LCpl David L. Owens
LCpl Keith H. Tierney
LCpl Mark A. Watson
Pfc George T. Giles

Kettenburg Marine Com~pany, San Diego

Mr. Rene De Loach

lVolunteer test participants assigned to AVTB (TAD) &tring test period.
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SQUESTIONNAIRE

RIDE QUALITY EVALUATION OF LVA FULL-SCALE HYDRODYNAMIC VEHICLE

j INTRODUCTION

Purpose

This study is directed toward evaluating the ride acceptability of the
experimental Landing Vehicle Assault (LVA)/Full-Scale Hydrodynamic Vehicle
(FSWV). The experimental planing hull vehicle is intended to deliver Marines
to the beach at high speed without significant reduction in fighting cap-
abilities upon landing. The FSHV ride will be compared with that of the
existing LVTP-7.

Instructions

Answer each question as accurately and completely as possible. If addi-
tional space is needed for any item, continue on the reverse side of the sheet.

This study will provide information that can be used by various Navy and
Marine Corps agencies in developing effective design features for the future

LVA. The results will not affect individual test participants.
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PARTICIPANT BACKGROUND INFORMATION

1. Name 2. Rank/lay Grade

3. Years in Service 4. Job Specialty (MOS No.)

5. Assigned seat location aboard vehicle (indicate by checkmark):

a. Troop Compartment d. Observer Compartment (Port)

b. Pilot House e. Observer Compartment (Starboard)

____c. Turret

6. Prior amphibious landings (indicate number below):

No. of Landings

a. LVTP-7

b. Navy Landing Craft
c. Other (indicate type)

7. Indicate number of motion sickness problems (if any) during past landings:

No. of Motion
Sickness Occurences

a. LVTP-7

b. Navy Landing Craft

c. Other (indicate type)

8. Level of motion sickness (if any) most often experienced in past landings
(indicate by checkmark):

____a. No previous problems

_____ b. Minor discomfort

__ c. Moderate discomfort

d. Major discomfort
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RIDE QUALITY ASSESSMERT

1. Name 2. Test Subject No.

3. Trial No. 4. Vehicle Type

5. What is your feeling about the ride during this run?

a. Satisfactory

b. Fair

c. Poor

6. What kind of combat performance would you expect after this ride?

a. Satisfactory

b. Fair

C. Poor

7. How does this ride compare with that of the other test vehicle?

a.o Better

__ b. Same

c. Worse

8. What did rou dislike about the ride?

a. Ride O.K. (no problems)i__b. Slamming and jerking

_ c. Rolling

_ d. Noise

___e. Heat

f. Pnmes

g. Other (describe)

9. What did you like about the ride?

__ a. Nothing

b. Smooth

c. Quiet

d. Cool

e. Ventilation goo,"

f. Other (describe)
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SUGGESTIONS FOR FUTURE LANDING VEHICLE

1. Name 2. Test Subject No.

3. Date

4. Based on your experience in LVA/FSHV and LVTP-7 test operations, what
features or improvements would you like to include in the future LVA (list below)?
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Table C-I

Participant Background Information

Question RIesponses

E-2 (Pfc)1
E -3 (LCpi) 1
E-4 (Cpl) 2

Yeare Service
1.1

1 2.9 9
3 3.9 7
4 or morei

Job Specialty
0311 8
0331 1
0341 6
0351. 3

Assigned 5eat Location
Troop Compartmient 18

Prior Amphibious Landings
LVTP-7

None 2
1 -2.9 5
3 -5,9 3
6 -8.9 1
9 or more 7

Navy Landing Craft
None 4
1 -2.9 5
3 -5.9 2
6 -8.9 2
9 or more 5

Prior Motion Sickness Problems
None 11
Minor Discomfort 5
Moderate Discomfort 2
Major Discomfort 0
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Table C-2

FSHV Ride Quality Assessment

Question Responses

Feeling About Ride
Satisfactory 12
Fair 6
Poor 0

Combat Performance Expected
After Ride

Satisfactory 14
Fair 4
Poor 0

Ride Comparison with LVTP-7
Better 12
Same 2
Worse 4

Disliked Features
No Problems 0
Slamming and jerking 10
Rolling I
Noise 0
Heat 17

SFumes 8
Other:

Not enough seat padding 2
Not enough space 2

Liked Features
Nothing 3
Smooth 2
Quiet 13
Cool 1
Ventilation Good 0
Other:

High Speed 2
I Seat Padding I

T
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Table C-3

Suggestions for Future Landing Vehicle

Question Responses

Desired Improvements for Future LVA

None 3

Better ventilation/cooling 12

More space in troop compartment 10

Radio communications to keep troops
informed 4

Observation ports 3

Smoother ride 3

Offensive gun 2

Watertight troop compartment 2

Quick access hatches 2

Heavy armor 1

Better seat padding I

c-3
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Table D-1

Obstacle Course Performance--Baseline and Posttest Trials

WRun Number of
Trial No. Date Tim aNerorMTimea Errors

Baseline
Before Running

BBR1 6/15 34.0 0.4
BBR2 6/15 34.3 0.1
BBR3 6/15 33.4 0.0

Overall 33.9 0.2

After Runningb
BARI 7/11 32.9 0.1
BAR2 7/11 32.9 0.2
BAR3 7/11 33.1 0.1

Overall 33.0 0.1

Before Running (Update)
BBRI 7/14 31.9 0.4
BBR2 7/14 32.7 0.2
BBR3 7/14 32.8 0.2

Overall 32.5 0.3

Poattest
Before Running

PBR1 8/14 30.6 0.1
PBR2 8/14 29.9 0.2
PBR3 8/14 28.4 0.4

Overall 29.6 0.2

After Running
PARI 8/15 30.2 0.3
PAR2 8/15 31.6 0.1
PAR3 8/15 30.4 0.1

Overall 30.7 0.1

aRun time quantified in seconds.

blnitial Baseline After Running phase was postponed to 7/11/78 in order to

. avoid delay in proceeding with vehicle landing trials. Updated Baseline Before
Running phase was completed on 7/14/78 to provide concurrent evaluation data.

DN
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Table D-2

Obstacle Course Performance--LVTP-7 Landing Trials

Trial No.a Date Run Number of
Timeb Errors

I 6/12 34.3 0.0

3 6/13 33.8 0.0

6 6/16 34.7 0.0

7 6/16 32.3 0.0

8 6/19 33.2 0.3

9 6/19 35.1 0.0

10 6/23 35.1 0.1

11 6/23 35.2 0.2

12 6/27 34.1 0.0

13 6/27 34.6 0.3

15 7/17 34.8 0.6

16 7/17 33.0 0.4

17 7/18 32.4 0.3

18 7/18 34.8 0.2

19 7/19 33.7 0.2

20 7/19 33.1 0.2

21 7/20 30.0 0.3

22 7/20 29.7 0.8

23 7/24 32.0 0.0

24 7/24 33.3 0.1

27 7/27 32.1 0.0

28 7/27 34.2 0.1

30 7/31 31.0 0.0

31 8/2 31.4 0.1

32 8/2 32.4 0.0

Overall 33.2 0.2

aTrial runs 2, 4, 5, 14, 25, 26, and 29 are omitted due to operational
problems that precluded satisfactory compliance with specified test procedures.

bRun time quantified in seconds.
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Table D-3

Obstacle Course Performance--FSHV Landing Trials

Trial No. Date Run Number ofT NDTimeb Errors

1 6/12 33.3 0.0

3 6/13 32.3 0.4

6 6/16 32.0 0.6

7 6/16 33.9 0.0

8 6/19 32.2 0.1

9 6/19 30.7 0.1

10 6/23 34.9 0.4

11 6/23 34.7 0.0

12 6/27 34.3 0.2

13 6/27 33.9 0.2

15 7/17 31.2 0.1

16 7/17 32.8 0.0

17 7/18 33.2 0.2

18 7/18 31.8 0.0

19 7/19 31.6 0.3

20 7/19 34.3 0.0

21 7/20 33.3 0.3

22 7/20 31.1 0.2

23 7/24 33.3 0.1

24 7/24 30.7 0.0

27 7/27 32.7 0.4

28 7/27 31.6 0.4

30 7/31 32.0 0.0

31 8/2 33.9 0.1

32 8/2 30.9 0.0

Overall 32.7 0.2

aTrial runs 2, 4, 5, 14, 25, .,1- and 29 are omitted due to operational
problems that precluded satisface-Ory compliance with specified test procedures.

bRun time quantified in seconds.
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Table D-4

Rifle Firing Performance--Baseline and Posttest T 4 als

! Tral o. Dte ing Centroid
Rin Scorei sGroup Unfired

Trial No. Date Riorg Miss a Sza RudScore Distancea Size Rounds

Baseline
Before Running

BBRI 6/29 67.1 5.7 522.6 0.1
BBR2 6/29 66.8 6.7 545.8 0.0
BBR3 6/29 70.7 5.0 492.1 0.0

Overall 68.2 5.8 520.2 -

After Runningb
BARI 7/11 65.3 6.4 614.9 0.0
BAR2 7/11 67.4 5.3 572.5 0.0
BAR3 7/11 69.3 5.0 514.9 0.0

Overall 67.3 5.6 567.4 0.0

Before Running
(Update)

BBR1 7/13 68.2 5.8 460.7 0.1
BBR2 7/13 71.7 4.4 465.9 0.0
BBR3 7/13 70.8 4.9 482.2 0.0

Overall 70.2 5.0 469.6

Posttest
Before Running

PBRI 8/14 72.3 4.6 436.3 0.0
PBR2 8/14 72.7 5.1 443.0 0.1
PBR3 8/14 71.3 4.9 479.6 0.1

Overall 72.1 4.9 453.0 0.1

After Running
PARI 8/15 71.4 4.4 493.0 0.0
PAR2 8/15 70.7 5.0 467.3 0.0
PAR3 8/15 72.8 4.9 409.9 0.0

Overall 71.6 4.8 456.7 0.0

acentroid miss distance quantified in millimeters. Group size quantified

Sin millimeters 2 .

b Initial Baseline After Running phase was postponed to 7/11/78 in order to

avoid delay in proceeding with vehicle landing trials. Updated Baseline Before
Running phase was completed on 7/13/78 to provide corcurrent evaluation data.

I
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Table D-5

Rifle Firing Performance--LVTP-7 Landing Trials

a Ring Centroid Group Unfired
Trial No. Date Rcog Miss b undS_• Score Distanceb Sizeb Rounds

1 6/12 57.1 7.7 900.8 0.3

3 6/13 59.4 8.4 725.7 0.3

6 6/16 64.6 6.0 649.5 0.1

7 6/16 68.4 5.2 561.7 0.0

8 6/19 63.6 7.4 721.6 0.2

9 6/19 57.8 6.8 859.3 0.0

10 6/23 61.4 7.8 677.5 0.0

11 6/23 65.2 6.7 624.2 0.0

12 6/27 68.4 4.9 548.9 0.1

13 6/27 68.9 3.8 513.3 0.1

15 7/17 65.1 7.9 521.5 0.1

16 7/17 68.9 7.1 494.0 0.1

17 7/18 71.3 6.7 466.5 0.0

18 7/18 62.9 8.2 541.0 0.1

19 7/19 67.2 6.2 548.4 0.0

20 7/19 66.2 4.8 612.2 0.1

21 7/20 60.8 6.1 629.8 0.0

22 7/20 71.9 4.1 477.3 0.0

23 7/24 70.2 4.6 505.8 0.1

24 7/24 71.0 5.7 453.1 0.0

27 7/27 69.0 5.2 496.2 0.0

28 7/27 67.2 4.6 527.2 0.1

30 7/31 69.7 5.7 490.4 0.0

31 8/2 69.6 5.4 499.5 0.0

3 32 8/2 66.9 7.0 480.6 0.0

_4 Overall 66.2 6.2 581.0
aTrial runs 2, 4, 5, 14, 25, 26, and 29 are omitted due to operational

problems that precluded satisfactory compliance with specified test procedures.

bCentroid miss distance quantified in millimeters. Group size quantt.ied

in millimeters 2 .
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Table D-6

Rifle Firing Performance--FSHV Landing Trials

a Ring ~~~Centroid GruUnre
Trial No. a Date Ring Centpofd

Score bRssrUndDistanceb Sizeb Rounds

1 6/12 58.6 8.7 711.5 0.1

3 6/13 60.7 6.8 766.8 0.9

6 6/16 61.0 6.3 706.2 0.1

7 6/16 58.8 8.7 704.8 0.2

8 6/19 58.9 8.9 703.5 0.1

9 6/19 65.4 6.7 604.6 0.1

10 6/23 63.9 7.2 651.3 0.2

11 6/23 62.2 7.4 639.5 0.0

12 6/27 59.2 6.9 703.1 0.0

13 6/27 64.2 7.0 790.4 0.2

15 7/17 69.0 5.5 511.9 0.0

t 16 7/17 67.6 6.7 544.8 0.0

17 7/18 65.0 7.9 512.4 0.0

4- 18 7/18 70.8 4.5 516.8 0.0
19 7/19 69.1 4.3 611.6 0.0

20 7/19 67.1 5.1 580.4 0.0

21 7/20 70.0 4.0 530.7 0.0

22 7/20 66.3 7.4 516.8 0.0

23 7/24 63.0 7.3 684.7 0.0

24 7/24 69.0 5.2 496.2 0.0

27 7/27 69.2 6.4 455.8 0.0

28 7/27 73.8 4.5 428.6 0.0

30 7/31 71.0 3.7 451.6 0.0

31 8/2 68.0 6.2 478.4 0.0

32 8/2 71.7 4.1 521.6 0.0

Overall 65.7 6.3 589.0 -

atrial runs 2, 4, 5, 14, 25, 26, and 29 are omitted due to operational
I problems that precluded satisfactory compliance with specified test procedures.

bCentroid miss distance quantified in millimeters. Group size quantified
in millimeters 2 .
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APPEMDIX E

ANALYSIS OF VARIANCE RATIOS
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Table E-1

Analysis of Variance--Vehicle Landings
(FSHV vs. LVTP-7)

F Ratios
Dependent Variable

(Performance Measure) Trial Runs Vehicle Trial Mode Interaction
Effect Effect Effect

Obstacle Course Run 1,3 0.88 0.36 0.03
Time 6,7,8,9 3.39 0.09 2.05

10,11,12,13 0.08 0.22 0.04

15,16,17,19,19,20 0.92 0.25 0.63

21,22,23,24,27,28,30 0.00 1.08 0.74

31,32 0.12 0.63 2.54

Ring Score 1,3 0.17 0.29 0.00

6,7,8,9 1.59 0.29 3.25*

10,11,12,13 0.38 0.64 2.23

15,16,17,18,19,20 0.23 0.37 1.76

21,22,23,24,27,28,30 1.08 2.71 2.61

31,32 0.37 0.04 1.43

Centroid Miss 1,3 0.05 0.16 0.69S~Distance
D c6,7,8,9 2.87 1.33 1.16

10,11,12,13 2.40 1.34 0.88

15,16,17,18,19,20 5.42* 1.90 2.17

21,22,23,24,27,28,30 0.54 0.72 1.87

31,32 0.90 0.06 3.18

Group Size 1,3 0.56 0.21 1.08

6,7,8,9 0.07 0.37 1.44

10,11,12,13 0.62 0.06 2.44

15,16217,18,19,20 0.27 1.04 0.53

21,22,23,24,27,28,30 1.06 1.93 1.87

31,32 0.02 0.03 0.21

*Indicates significant effect at 0.05 level.
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Table E-2

r• Analysis of Variance--Beginning Baseline
(Updated BBR vs. BAR)

F Ratios
Dependent Variable

(Performance Measure) Trial Runs Running Trial Mode Interaction
Effect Effect Effect

Obstacle Course Run 1, 2, 3 1.58 0.07 0.17
Time

Ring Score 1, 2, 3 0.30 2.28 t.25

Centroid MissCDtristne1, 2, 3 0.22 1.68 1.42

Distance

Group Size 1, 2, 3 1.44 1.00 0.26

Table E-3

Analysis of Variance--Termination Baseline
(PBR vs. PAR)

F Ratios
Dependent Variable

(Performance Measure) Trial Runs Running Trial Mode Interaction
Effect Effect Effect

• Obstacle Course Run 1, 2, 3 1.18 0.10 0.71

Time

Ring Score 1, 2, 3 5.38* 0.44 1.45

Centroid Miss 1, 2, 3 1.44 0.47 1.92
Distance

Group Size 1, 2, 3 4.55* 1.01 0.07

*Indicates significant effect at 0.05 level.
I
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